A novel strategy to photo-control molecular dipoles through the use of photochromic SAMs is proposed. This account provides a review of the basic concept of the photo-control of interface dipoles and the recent advances in the development of photo-controllable molecular devices which have been developed based on this strategy.
Molecular Transformations Using Bis(iodozincio)methane-The Role of Chelation in Main Group Organometallic Chemistry
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The stereoselectivity for the addition of an organometallic reagent to an aldehyde or ketone possessing a Lewis basic atom at the α-position can be predicted according to the well-known Chelation Model. Herein we discuss stereoselective reactions of bis(iodozincio)methane, which can coordinate to a heteroatom containing substrate with two zinc atoms in the reagent. Zinc atom coordination in a face-to-face manner to substrates containing two heteroatoms enables specific molecular recognition, realizing novel molecular transformations.
Self-Assembly of Bodipy-Derived Extended π-Systems
The catalytic enantioselective synthesis of planar chiral cyclophanes has been achieved by two types of transition-metal catalysis: (1) enantioselective construction of aromatic rings by cationic rhodium(I)/chiral bisphosphine complex-catalyzed
[2+2+2] cycloaddition reactions; (2) enantioselective construction of ansa chains the cationic rhodium(I) or palladium(II)/chiral bisphosphine complexcatalyzed double C-S bond forming reactions. Rhodium-catalyzed alkylation reactions of C-H bonds (hydroarylation) in aromatic amides that contain an 8-aminoquinoline as a directing group with alkenes are discussed. Various alkenes, including acrylic esters, styrenes, α,β-unsaturated butyrolactones, dihydrofurans, maleimides, and norbornene derivatives are applicable to this C-H alkylation. The reaction with norbornene gives unusual endo-hydroarylation products in a high degree of selectivity. The use of a carboxylic acid as an additive dramatically increases both the reactivity and the selectivity of the reaction. The results of deuterium-labeling experiments suggest that hydrometalation or carbometalation, which are commonly accepted mechanisms for C-H alkylation reactions, are not involved. Instead, the reaction appears to proceed through a rhodium carbene intermediate generated from the alkene. The main intersystem crossing mechanisms suggested to date of the room temperature phosphorescence of heavy-atom-free, crystalline organic compounds are described. We focus on our own findings of hyperfine-coupling-assisted intersystem crossing in radical ion pairs. The other interesting hypotheses are also introduced. Recent advances in genome database has allowed discovery of novel classes of natural products and their biosynthetic enzymes. Given the potentials and advantages of the biosynthetic enzymes, they are applicable to not only the production of natural products but also synthesis and discovery of artificial molecules with desired functions. This account describes our recent efforts to develop artificial in vitro biosynthesis systems that potentially allow for the elaboration of pseudo-natural peptides with novel bioactivities.
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Intersystem Crossing Mechanisms in the
Ion-pairing assemblies consisting of appropriately designed π-electronic ionic species afford various solid-state and soft materials through electrostatic interaction as well as other weak noncovalent interactions. This article summarizes recent progresses in preparation methods of π-electronic ionic species and ion pairs along with the assembling structures and properties of dimension-controlled π-electronic ion-pairing assemblies. For this contribution, we will summarize the classification in the reported actinide-organic entangled structures by classifying them according to the diverse catalogues of individual motifs and entangled patterns between them, among which are included all these intriguing types of entanglement in different seperate sections: 1) polyrotaxanes; 2) parallel interpenetration (INT) and polycatenation (P-CAT and I-CAT); and 3) Borromean ring (BR). This review article covers recent advances from 2010 on, regarding the molecular self-assembly into discrete closed hollow structures (organic nanotubes) from molecular building blocks. Starting with the comparison of synthetic procedures and physical properties between the ONTs and carbon nanotubes (CNTs), the author discusses the detailed features in line with the classification for the formation mechanism of self-assembled ONTs; membrane or sheet-based, nanoring-or nanotoroid-based, stacking-based, and supramolecular stacking-based pathways. Since the establishment of coordination chemistry by A. Werner, the creation of chiral metal complexes has been one of the most important topics in the field of coordination chemistry. In this account, we focus on the stereochemical and chiral behavior of S-bridged multinuclear and metallosupramolecular compounds that are derived from metalloligands with cysteine or penicillamine. I succeeded in the synthesis of novel π-conjugated molecules based on the strategies of "distortion-to-planar" and "planar-to-distortion". The first strategy produced a cyclic tetraindole, and 10-heterocorroles as novel porphyrinoids. The second strategy enabled construction of heteroatom-containing curved π-conjugated molecules under the laboratory conditions. Instructed-assembly (iA) is the formation of ordered superstructures of molecules as the result of certain trigger events. This account briefly summarizes the accomplishments and progresses achieved in the development of iA, and discusses the challenges and the perspectives of the future development of iA.
Self-Assembly of Discrete Organic Nanotubes
Self-Organization of Semifluorinated Alkanes and
When arylene panels are covalently linked in a circle, there emerges a unique stereoisomerism particularly in molecules with cylindrical structures. The stereoisomerism results in coplanar, E/Z arrays of panels to form a rigid cylinder and gives an insight into fundamental structural chemistry of carbon nanotubes. Two unresolved issues in molecular self-assembly are discussed. Firstly, a novel method for the investigation of self-assembly processes (QASAP) was developed and the coordination assembly processes revealed by QASAP are discussed. Secondary, a novel strategy for the construction of discrete assemblies in water (molecular Hozo) is introduced, which enabled us to develop extremely stable discrete assemblies, nanocubes, in water. This paper reviews the recent research progress on the Si pillar assisted hierarchical three dimensional carbon nanotube structures focusing mainly on the rational modification of 3D network of single-walled carbon nanotube (3DNC) structure and its potential applications. We also introduce some synthetic studies of capillary force induced wall-shaped CNT structures on pillar substrates. Photochromic molecules are embedded to such molecular assemblies to realize various motional functions from molecular levels to macroscopic material levels. This review focuses onto systems of intermediate feature size associated with interfaces, such as monolayers, thin polymer films including block copolymer and surface grafted chains, liquid crystals, polymer liquid crystals, liquid droplets, emulsions, small objects, nanofibers etc. A wide array of photoinduced motions are introduced focusing on the backgrounds and recent trends.
We succeeded in the expansion of the concept of aromaticity to tin-and lead-containing π-conjugated systems through the synthesis of dilithio-stannoles and a -plumbole. Reliable methods to conjugate molecules using highly reactive substrates including strained cycloalkynes, azides, and thiophene S,S-dioxides, or short-lived intermediates such as arynes and 6-and 7-membered cycloalkynes have been developed. This account describes our recent achievement on the development of facile methods to conjugating a wide variety of molecules based on the reactivity of controlled short-lived intermediates.
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The concept of parallel cascade selection molecular dynamics (PaCS-MD). To promote conformational transitions from a given reactant to a product, cycles of conformational resampling consisting of (1) selections of initial structures and (2) restarting of short-time MD simulations are repeated. In PaCS-MD, structures close to the product are always selected and and resampled by restarting of short-time MD simulations, making a transition to the product efficiently.
In silico investigations of chromatins/DNAs in crowded cell nucleus and in nanoscale confinement revealed that the structure of chromatins/DNAs can be regulated by controlling the degree of macromolecular crowding in cell nucleus or by elaborately designing the nanoscale confinement with appropriate dimension. 
